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(54) LASER DIODE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser diode element having an 
excellent light outputting characteristic and an excellent modulating 
characteristic over a wide temperature range by providing an active layer 
composed of an InGaAsP multi-strain quantum well and specifying the 
resonator length, detuning amount at a room temperature, and number of 
quantum wells or the light confining coefficient into a quantum well layer. 
SOLUTION: After an active layer composed of an InGaAsP strain quantum 
well layer 12 and a barrier layer 13 is formed on an n-type InP substrate 11, 
a DC-PBH current constricting structure 14 and a . /4-shifting diffraction 
grating 15 are formed on the active layer. In addition, an n-side electrode 
16 is formed on the rear surface and a nonreflective coating 17 and a p- 
side pad electrode 18 are formed on the front surface. The resonator 
length, detuning amount at a room temperature, and number of quantum 
layers or the light confining efficient into a quantum well layer are 
respectively set at 300-600. m, -15nm to +15nm, and 8-15 layers or 3-10%. 
The preferable resonator length, detuning amount, number of quantum wells 
or the light confining coefficient are 400-500. m, -10 to +10nm, and 10-12 
layers or 5-8%, respectively. 
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(57) [Sffi] 

-tf^-f ^-fjR?***-*-**^ (-4 
0-+8 5-C) T?A«F*:*a*«ftt*:&tftgtil«ftt* 

[*«fS] 1. 3/tmffA/4i'7h^fia© 
1f#">f InGaAsPI^li? 
#F^^^-S»tSttBSWb. «IM3 0 0~6 0 0^ 
m> A>-z\ ^fiTr©$£§$fi- 1 5 ~+ 1 5 nmT*. S.? 

g&#3~ 1 0%i:*4«k5 
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[««F8B*0)«BB] 

1 ] InGaAs PS*iif#F^e,45 
«ttB**U ftti^S3 0 0-6 0 0//m, fro, g 
1 5-+ 1 5 nmT\ §^#p!&8~ 1 

smt> L<&m?#pm^<Dftmb7L*b&i&&3* 1 o 

i:*1#«i:"rs 1 . 3 >um^f A/4 

[il*ffl2 ] InGaAs P^il^p^^^^ 
«ttJi*«U #fi»*4 0 0~5 0 OAim, a 
It?©«IHi-10-+10nm^ I^ptlO- 

X-CfeSCkiWat-T* 1. 3nm»A/4S/7h» 

[IS*J|f 3] AlGalnAs |g^SS^-#^^ 6 & 
*Kfi2 5 0-6 0 0//m N 
gigT-(D»i3&- 20-+15 nmT% M?#pm. 5 - 
1 5jB^> b<iia^#FS-vO^:^b^&?)«*^2- 1 
0%T*S>3C:i:*fS»fc-rs 1 . 3jum?8?A/4*>:7 r 

[11*314 ] A 1 G a I nAsl^il^P^^j: 
eSei^Sb, «fiSfi3 0 0-5 0 0^m, to, 
^TcDSHia- 1 5-+ 1 0nmT% S^#/Hf&6- 

1 2M« U<(ifi^#^/l-NCD7fe^D3i«)fe»^2 . 5 
-896T»*^k*«fflKi:-rs 1 . 3//m«fA/4S/7 

[0 0 0 1 ] 
[0 0 0 2 ] 

«fli«ctt»*y>f ai-— 1« (led) #m^*>ti&#* m 

mtls — Vyj*— F (LD) #0!^£>ftT^£ o bfr 

£&£>fb#;*;£<. H 1 2 fc^-rA-SfcatsaiflHfiMI 
SKIthtfiiflnu «^3»^77^fiT^^o LD£*ii{l 

[0 0 0 3 ] bfr U*3^e> LD«C*5V^T»±±SE©ri: 
<. *©Ul*Wttfc:SJK«#tt4S»S&»^ — flfttCttL 
D 4 O^Jg fc: «o fc d6 CD iBjgfM3$S g #f ijffl $ ft s 
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2 

*fflffl?2>tmz^ ztuzmm-rz^jixmmo^gz 

So 

[0 0 0 4] Z.<DjL5tZ*tmti&t&mttLD<Dm&& — 

£o Ailfg^^AfflCDLDfclfcf LTIt TReli 
ability assurance practices for optoelectronic dev 
ices in loop appl ications:Bel lcore,TA-TSY-00983, Is 
sue 1, January 1990j sfe> a3izH^ tlX V> Z> & o lz^ — 
ittfc- 4 0- + 8 5-C©SJKT-»ff-rsCli:A«*«)ftft 

ISfiSOmAWTs 5mWffi^r^cDigt!?m^8 0mA 
fiAT\ 2 5-ca>*> 8 5-C0)S*±#fc:»1-SIR*J»*O 
20 (ST*3dB (5 0X) ttTT85^h^S*?ntU 
£o e^jSJKl 5 5Mb/s^T©lt«We3lia 

si Gb/s*©K^ejsajKt?tt»s4«ea6ffi«# 1 
km&m<D&&wmmmfcm^(Dmmz®im$ti2> f a 

bry-Perot*iSl0LD (JBJIT* FP-L 

d) t:4i^T»4^ c:©-4 o-+ 8 5 °c <D u&mmx-m 

ttUmZtltzm^ft, ^li^p (Multiple Quantum 
Well;fiTFMQW) «ttB*gj£& 5 Wi^M Q WtSttS 

[ooo5] LfrL&#*>, 013 (a) (Dm<^mm 

^— K^Sbtt>5 F P- LDtt*CD*i6?ftfi;*^* h 

Mb/stt±©aafiS*fi2fflJilcttffi«t5ii:iJ 
T^&l^o Z.<Dfz&. — «fcttBU3 (b) CD&KMI^ 

*t*«*ft&BI«»^k:J:oT*ftSft«*«t:*v^ 
T#-«S^E- H»a-rS^*»aiaaLD (Distributed- 
FeedBack Laser Diode; ftT% DFB-LD.) #fl!^£> 
ft&#, D FB - LDfc&^T&iUTfc^-r MMMCDU 
40 m.&ib<DtzlsblZ- 4 0- + 8 5Xj&^iBjK»EBfc:*5^T 

&<Dfc*Hiire&o&o DFE-LDlZm^tplzmtii 

1f*t»-r«3tt*»JicDSI«lJB*f*neff fccfcoTife* 
SftS^y^ffigABragg = 2 neff Afc:ft^T#— 
M^-K#8«#ff;bft£#. C<Z)3&ffi«HABragg (itS 
ttHSajeo±#tc»bTW0. O9nm/-C0iO^T-g 

[0 0 0 6]-^ LDSSIO/O K«ja©fflJK*{b 

50 (otzmz, 
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(Gain Peak) WLA AGP£ * Ifitt#fi^#4 
U «tt»iBJK©±»£2*UT 3-6 nm/"C©«£"C 
«*«<b-rs« ft*. AGPttJR^fcttA* 

«S^WffttftAGPtt«fi||fl[*iKIthCDO. 9{g©H 

[0 0 0 7] y^y^i&HABragg hS*fJf#&JI AGP 
©H> IP*>gtiiaA A = ABragg - AGP&D F B - L D 

3-^©figT-fW2 D F B - L D *»f|"r 

jffiO»P*fflfi^bfc:*r-rs ABragg kAGP©^7 ha© 
»V^S>, IUAAI:IKtt#Btf£^ DFB-L 

[0008] EU4&25-C (WTs *fc*«k*a 
■5 ) tC*SW- 1 0 nm©D F B - LDfcSSIB 
r^fflm^Ith^O. 9fg©««t4HJjPUfcBR©*ffiH« 
85*^ b;i/©»aE*ft*^bfcHT»S*«, 8 5°CT* 
ttKliglSA A#- 8 nmh 2 0 nm»< ftti/7Mt 
M£o SfeffiSTCDBIiHfiA Ate- 2 0'CT*&+ 1 8 n 
m s -4 0 , CT?(i+3 0nml:t)IbT*^ ^©^9 
ttJBflSa©ttttft[ I A A | o«*tt«jS0<tdl:DFB 

- L D tf77 y ^«fii:*Mt - 

[0 0 0 9 ] IS*ffil:ft$nTV^DFB-LDii, 

^-(DlrWDFB-LD^Ha) M^cDm 
^3gBStt^£ 1 XHTfc, ^aBMKSt**: 7 0-9 

<^5hFabry-Perot ; E-F (JUT. FP^ 

#£b£ D tt«W«^«*«Hfc:*^T©*ii&ff*-e:a 
C © F P ^ — K ffliffiiRf « « iTEUffl ^ 
*>fcl>#, HuiS©<taJc«HaAA^tt»UfflS«c#{4 
fttf&TZfzZb. fi^figKitt^FP^-HWffi 
tb (Fabri-Perot Mode Suppression Ration;FMSR) 
£fi£«-T & C h »T ffljifc * i: ft S o 

[ooio] su^sst^ i %jmt, »#k*mis 

7 5 EISftS^D F B - L D©i§i§r, HI 1 5 fc** 

-f£? fcfifflTCDBIflSacDli^CiC «fc »K -2 0'C (A A 
= +18nm) M*ttSFMSRttSiat*5ttS 3 5 d 
B*620dBST?fiTU £*>£-40*C (AA = + 
3 0 nm) T-fcfcH 15(c) CtatFP^-b'ftJI^ 
DFB^-h # J:!j*$EWlC«coTb*5o £ © £ -5 ft 
FMSR©ffiTttfi»Wtt©*fb. -r«cto%S«««© 
«F*«&*©»**SI*iHib, It. FPt 

- HM^DFB^- Kit) *3EBBWfttt«it*5V^T 
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(is *»*DFB-LDfcbT©»ff»4ft*tLTi3e> 
1\ fi2Ilt»SMb/s«L CSEBMR+kmU 

"f £.1 i:#T-gft^<, 

[ooii] w%imf»?t:tt«s/7 has 

*#-r^.^-r rco^^T-te, HI 6 (a) fc^Lfc*3* 

4©ffiffl>>:7 bfflitftitfclR^ (JUT A/4 ^7 hDF 
B-LDi:fa) #f£fflfb£*lTO£o A/4^>7bD 
10 FB-LD t*^Ttt*^©Hi|llfflttSit* 1X«T© 

i^-f^ >^£}6irc ttctoTia 1 6 (b) m 

i:^^FP^-K^Ibl:<<^ gS^iiatfituai© 

J9-l5l*f1S^DFB-LDi:|5|l;5R^t*5^T*, -2 

0°C (AA=+18nm) k:*J»S F M S R(i 5 0 d B 

JU±^fi^it^T&(*^^&fbi±ll\ 

°C (AA = + 30nm) £ & 3 0 d B &l±<D F M 

[0012] bfru##^ m'&J5mm<Dm.m^*mz. 

tlST?fc«^li8 5°C35©iSfiT* A/ 4 J/7bDFB- 
MilJgttllC I nG a A s PS*li?#p*« 

x-ra^kicj: t)jas»«ptt*ac«b&«fi»«3 o o^ 

m, £ffiT-©«iBa- 1 Onm, l?#Ft7 (S^# 

^ja^©>teBi:a«)«jR2 . 5%) ©i^c^t^k 
j» m»-*m*fttt©afl^#ttfci:Hi e (c) t«ti 

3^©<£T^#3. 5dBk*g^f, L D (DMWLMW) 
»fb. /hSSfb. ffi«*«;fc{b**sr3fctt^+^» 

[0 0 13] ±m<D£olZ, D FB-LD fc*$^TttF 
P-LD mm(DM%LX*&ZMUX*(D%mcDl&TCDfrtZ h 
-J\ «fiaAA©*Ybk:ct*«IB«fi*J»©ii««*F p 
^-KJfPfiElt©^b^gHSi:^Sfc«), j£oSjK«SHT- 

±MOCVD«fil. 3//mSIMQW-CBPBH- 
DFB-LD (1994 ¥*?WfRilfi¥£t*&*d? 

C- 3 0 2 ) j tftScta fc*9— EtfflS^DFB 
-LDSffl^fc - 2 0-8 5*01:^5 6 2 2. 0 8M 

[0 0 14] 

LDl:*UTIt fsjSlilJK«SMb/sW± (if 6 2 
50 2. 0 8Mb/sfc£V>tt2 . 4 8 8 3 2 Gb/s) , 
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fiBElBft+kmJSU: M»4 0kma±) hUdJIEg 
KiSiS^ilfi^^^ACD^^i: ITffl^SDFB - L D 

^ at m x a \z m v > n s d f b - l d j * * tB * w 

-40-+8 5°COSJSffiHT-©^bfe#-*fffi^— H 

tt 8 5 'CTCDHaaEfi 5 0 mAWTs 5 mWfcfci;*jB$<£>ig 
li$8 0mAWTs 2 8 5*C<0iBfi±#fc:*t 

[0015] *mn<D sm*. i£^»*«HTA»ac* 

sJU±(il»6 2 2. 0 8Mb/s»S^tt2. 488 
3 2 Gb/s) , eaffi(i»+kmJW± (ii»4 0 km 

[0016] 

h'fft^te, InGaAsPl^li^P^^^Sfi 
B*WU ftfi^i3 0 0- 6 0 0//m, fr-^ 

15-+15 nmr% fi?#pf&8~ 1 5 s 

* b < ttS? bSi#>^|&# 3 ~ 1 0 96T 

^K14 0 0-5 0 0//m, 
gST-CDBIiiS- 10-+10 nmt\ 
10-I2i*b< tt«?#p»^©*BB bJAfeit^ 
5-8%T»*ifc#»* bOo 

[0 0 1 7] tfy-f*— H«^4, A 

IGa I n A s S*M?#p * 6 SSfitti* * 
«SM2 5 0-6 0 0//m, fro s £&7*<Z>liNS- 
20-+15 nmt\ IT-^fI 5 - 1 51^U< fig 

^nm^cDytm 2 - 1 0 cr t * 

tf>£«U ^K13 0 0-5 0 0/zm, lo, gfif0 
8SHg- 1 5- + 1 0nmT\ M^PtSLe^l 2H) 
b<(iS^#PS-N©*IHbjZ i ^^IS^2 . 5-8%T 

[0 0 18] &*5, *«K^*50Ttifi-?#^«5cNw 

»#£SfcNw «fcf)£trb3Nw fcftlc^fttsrw® 
Afc£S^#FiH6 0 AT-Nw =7, rw = 6%CD#H^CD 
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^tt«s^#p*i^4 0 AcDm^om&s nw=7, rw 

= 4%CDS^Fcfc t) fetP b3Nw =10, Tw = 6%0 

**<3Ee-r***«»©*:***rwfc:jt«'rs&» 

[0019] s&**wtfrfrajR?cD«!a»a5 % a/ 
4^^ Mnjfts^©ffis> is^mcommm, 

S^ttffiTS>oT*«;fo'j\ DFB-LD(^OT¥- 

(EI*f«?©ISd«K) x (ftfi«A) ©* 
(is A/4$/7hDFB-LDO#-€-^S* 0 4 
< lWb£i*&^ffi, W2-3 0j6HrtT**lHS 

[0 0 2 0 ] 

#Ibtittffit5c sr. *»W©»lo*«0K»i:b 
T> IM^SShlTDC-PBHlii, fSttJifc I 
nGaAsP©lMQW (ffl^IO. 5%, M^ttP 
20 IH3KJ4 OA) *ffll^fcA/4^>7 hDFB-LDtC*$V^ 
T, ftlggL, 2 5°CT-cDg|^]SA A25°C, 
RNw*^*— *fcU FP^ 
— KJWEifc (FMSR) N fc6trfciBM*m#tti:©ffl 

ETCfctK HUHfciis^T* nSInPStEl 

i 2. ^yri i 3*6asfStt»^flgfi8$n. 

DC-PBHtMftel 4hA/4^>7 MH*f»^ 
1 5#fl2j3o2*i3o SM^(infifJSei 1 a 

HJcflftRSJrJ— >^1 7 iipfli^^ 1 8 

[0 0 2 1 ] 0 2 (a) &L = 4 5 0 // mcD|f|^(;::fc^ 
A A25-Ci:Nw *;<^*— *fcb-t\ 2 5°C#>£>8 

5 °c (7) a jg ± » t n -r z> « ^ © ® t * a v 2 5 °c * & 

A A25°C^^:§v^a> Ip-fe^fflT-CD^^iy^ifiS^a*: 
^Jff^^J: b fcSiftgffiOfcfcSteifA 7?25 0 C^/J^^ < ^ 
CnteaK±#£<fcoTA A#M£*>!7 b bfc» 
^ A A25-C^^tV>(^^iSST*<5DA A©*g*Mil# 

k^^Sftft-CftSo A A25*C^-^cD^^, 

Nw ^^cgV^iiTA 77 25°C^/Jn^ < CtLfiNw 

5^ [0 0 2 2] tltSi:^:, - 4 0-+ 8 5°CCDSJK 
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eit^tMMafiat+»ftFMSR**«t 

S&fcfcttgiBBIBSA A25*C»4+ 1 5 nmttTTSS 
ciiMSt^Ss C(2/££#l)g-r3*:A7?85-C<3 d 

«Elth©±#, ©(ST. ftfetft:-S*aj* 

«fOB»fi*iop©Jtfti#ra«kfta. 

[0 0 2 3 ] i2 (b) (iL = 4 5 0//m i A A25*C = 
0 n mCDm^CD 8 5°C{: *$ £ ^<im«t I th85°CST^ 5 
mWtti±f^CD|gam*Iop85 0 CNw «tfW4 * b *: * 0) 
T*&&#, Ith85°C, Iop85°Ch^iCNw = 1 0fil±T 
CDiiSO^^^h^ *3> Ith85°CS 5 0 mA, Iop85"C^ 
8 OmAJ:v^*ftl:*HTt^$f S & , 0!I*.K5 

0 56W±©*S* t)fl*«-TS&«)^«Nw # 1 SSkT. 
fcSWiTw # l 0 5<^TT^5li:Mgi:«!5o 

[0 0 2 4 ] JU±©J:^JCiBfflTCD»^S»*©fiT*A 

m^<E>ft2jp£#P;t, At?85 0 C^3 dB, Ith85°C<5 0 
mA, Iop85°C^8 OmAfcl^*ffi:WbttM$ 
at !) i: 5 0 %W_tG>*B* Difit5fti6Cttx 
Nw #8J^±1 5JUT\ &*Ofctrw # 3 %£l± 1 0% 
ttTt**Ck#«T»9, K?IL<{iNw=10- 
12, Tw = 5^8%<&j6HrtT'»££i:#fi* b^o 
[0 0 2 5 ] mzNw =10, A A25°C = 0 T\m<DM^- 

0 3 (a) fiNw =10, A A25°C = 0 nm<£>3! 
^tc^(t^> A 7?85°C©L«c#tt*^bfe-fe©T*S)^)^> 
L#*£l^ IP^«^g^«^*(,^(i^A?7 85 0 C^a^#^ 
*lS«|qIfc»tK At?85"C^3 dBh^^^frC^fUT 
5 0%a±o$9i »)£te«-r5fc«>tctt3 0 O/zmW 

igffi/m^cDJgflptfp^M^ft&o 13 (b) C^tct^i: 
LCDJiSPiCf^^ I th85'CS^ I op85-C©JffiPtt* b < . 

1 th85°C^ 5 OmA, Iop85°C^ 8 OmAhl^*ftC 

OO/zmttTtftSik^aSK, 5 0 0/zmWTT' 
b^o 

[0 0 2 6 ] W±©i-5lCfi5iaT-CD«^J»*(D(aT4s* 
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6 0 O^mWTt'feSCkMStft^ »*L<tt4 

0 0-50 OAtmcoJ5HWI*IT*»S^i:*5a*Ul^o 
[0 0 2 7 ] Wl, i*»#tti*«ffi*««*-*fctolc«B 

C-40-+8 5^&&^j!^fiji^B£:fc^T^ 

[0 0 2 8] EI 4 (a)ttL = 450#m, Nw=10 
(Tw =6%) <Dm=?\Zft\^X A A25°C*y^^-^i3 

A A25°C = + 1 0 nmtf)|g^te{gfiT% AA25 
°C = - 1 5 nm©i^(iiSfit\ *ft*ti«BS©iSfi** 
fBCDJiSP^ct *) FMSRrMUtOSo 14 (b) {4 
-4 0°C& 8 5°C^*5(j-SFMS R(DA A25'C 
«c#tt*^bfe*OT»S3&«, - 4 0- + 8 5°C£>MS 
^HT-Sffi(RiSiSi£3l*prtgi:-rscD^+^^FMS 
R. M^«6 2 2Mb/s-5 0kmfiSTtt3 0dB 
«±0FMSR*«fit5t:tt, iSTOA A25-C& + 
10 15 nm©«ififfe5Ci:MStfe5^h 

[0 0 2 9 ] W\ «H*cz)«S»ffl[(Z)«|^t:ffa FMS 
RCD^btta^pJBRNw &£W*rw #*W*fcr« 
Sil&tK |^S©FMSR4- 4 0^+ 8 5^©i&K(5 
m?M«^£fc&©A A25^(Dfl¥§«H«:Nw = 8 (Dm 
: FT? + 15— 18nm, Nw =12 (Dm?T'+ 8 — - 

1 2 nm N Nw = 1 5 ©^^T-(4+ 6 1 0 nm©i 

Hfc»Jlfi;**lSo ^ © J; -9 s JE^MSaSHXtfA A25 
0 C^^•bT+^^FMSR^:^^S-r^hV^ig^^43l^ 

30 [0 0 3 0] &±<Dl@miP *> , -4 0-+ 8 5°ChU^ 
J!£t>fflja«5Hic:*^TeiaiiSje»BMb/s«± 
6 2 2. 0 8Mb/s*Sl>tt2. 4 8 8 3 2 Gb/ 
s) , e»e«fc+kmJtt± (a«4 0km«±) £V> 

3/zmSInGaAsP|A/4^>7hiM 
QW-LD^MU *V^*«*!)tfje«K^afWftf 
Sfcfcfctt r±fc^J|3 0 0-6 0 0/zm> Mo, ^fi 
T-cDgf£iUS- 15-+15 nmT% a?#pg&8- 1 5 

b < um^^m^^tm 3-10% 

[0 0 3 1 ] H5tt±M©»ffl->'^^— ^«Hl*l^*5^ 
T#«bfc*^<JD— tflfcbTs rL=4 5 0/zm, A A 
25°C= 0 nm, Nw = 1 0 (Tw = 6 %) j (DA/4 is 

e>^i--4 0°C, + 2 5°C, +8 5°Ci:im6 2 2M 
b/s - 5 0 kmeaiW14©»3a«*^bfct)©TftS 
8 5 "Ct*JV>T* rggfii^^3 7mA, 5mWHiA 
^CDigSbm^6 7 mA, 2 5X^f>0»^ffl*fiT* 
2. 3dBj fc^3«ftfc«»#HWj«H4i:, -40- 

50+8 5°c ti^o fc^um&miz&^Tnnm*) m 1 o 
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[0 0 3 2 ] A/4S/7hDFB-L-Dli»Gb/stt 

±<D&mmm. mmt2. 4 8 8 3 2 Gb/s^^9is 
&*m?<Dmmjfo®nmz*gtz&w*R&iss - 40 

[0 0 3 3 ] m6l*m?<Dmmifo®%f&<DE&tisT 2 
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